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The mainstay treatment for depression is antidepressant drugs, which are shown to be effective also in the presence of other comorbid physical illnesses. 2 However, the use of antidepressants in patients with cardiac disease, which was ranked first in terms of disability in the Global Burden of Disease Study, 3 has been debated owing to conflicting results regarding their effect on mortality. Whereas some studies have shown that antidepressant use in patients with cardiac disease was associated with decreased mortality, [4] [5] [6] other publications found no significant impact, [7] [8] [9] and some demonstrated an increased mortality risk. [10] [11] [12] [13] Only one study so far has addressed the relationship between adherence to antidepressant therapy and mortality in patients with cardiac disease. A 7-year follow-up study of 4037 patients with depression following myocardial infarction showed that patients with inadequately short duration of treatment for depression (less than 12 weeks of continuous antidepressant treatment) had a 3-fold higher mortality risk compared with those sufficiently treated. 14 However, this British study evaluated only the duration of continuous antidepressant use (termed persistence), not any other measures of inadequate adherence, such as irregular dosing and skipped doses -measures that are considered essential in a comprehensive assessment of medication adherence. 15 Adherence to antidepressant therapy is critical to successful treatment outcomes. 16 However, low adherence is commonly reported among people who are prescribed antidepressants, [17] [18] [19] [20] including patients with cardiac disease. 14, 21, 22 Improvement of adherence to antidepressant therapy in the treatment of anxiety and depression is therefore a major public health concern and has been recognised by the World Health Organization (WHO) as an urgent need and a major area for intervention. 23 Our primary objective was to evaluate the association between allcause mortality rates and adherence to antidepressants among a patient population with IHD. We predicted that adherence to antidepressants would be associated with lower mortality in these patients. We used data from the integrated medical records of Clalit Health Services (CHS), the largest health provider in Israel, which covers over 4 million patients from cradle to grave and includes demographic information, diagnoses from ambulatory services, family physicians, hospital admissions and specialists, drug prescriptions, laboratory test results and imaging. This enabled us to perform a cohort study with a sample size much larger than the total of all previously published cohorts of patients with cardiac disease maintained on antidepressants, and to include patients of all ages, for the first time investigating whether mortality is affected by adherence to antidepressant therapy.
Method
We retrospectively analysed the entire CHS patient population during the study period (1 January 2008 until 1 January 2012) at all ages (n = 4 056 700). We included all patients with at least one prescription for an antidepressant drug during the study period and a clinical diagnosis of IHD (ICD code 120-125) (n = 79 711). 25 All antidepressant drugs approved by the Food and Drug Administration were included; extraction was based on the WHO Anatomical Therapeutic Chemical (ATC) code N06A. In the final analyses we included only data from those identified as antidepressant users, namely patients who purchased
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Aims
To evaluate the association between adherence to antidepressant therapy and all-cause mortality in a population-based cohort of patients with IHD.
Method
A total of 63 437 patients with IHD who purchased antidepressants at least once during the years 2008-2011 were retrospectively followed for all-cause mortality over 4 years. Adherence was measured as a ratio between claimed and prescribed durations of medication and modelled as non-adherence (<20%), poor (20-50%), moderate (50-80%) and good (>80%). We used multivariable survival analyses adjusted for demographic and clinical variables that may affect mortality.
Results
The moderate and good adherence groups had significantly reduced adjusted mortality hazard ratios of 0.83 (95% CI 0.78-0.88) and 0.86 (95% CI 0.82-0.90) respectively, compared with the non-adherence group.
Conclusions
Adherence to antidepressant pharmacotherapy is associated with reduced all-cause mortality in a population-based large sample cohort of patients with IHD. Physicians and health policy decision-makers should step up their efforts to sustain and enhance these patients' adherence to their antidepressant regimen. at least one prescription (n = 63 437). Patients have a strong incentive to access primary care and obtain prescription medications within the CHS system because primary care visits are free of charge to members and medications included in the benefit package are subject to highly reduced co-payments (approximately US $4-7 per month for most medications). Disadvantaged subpopulations are entitled to additional discounts. Access to the data warehouse and the analyses were approved for this study by the CHS review board.
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Primary outcome
A record of death from any cause during the 4-year study period (produced by the Ministry for Interior Affairs) was the primary study outcome. Patients were followed up from entry to study (i.e. prescription of an antidepressant) until death or were censored at the end of the study period.
Adherence
The adherence measure was modelled on the basis of the concept of medication possession ratio (data from CHS pharmacies) with the addition of physician prescription data (derived from electronic medical records), as previously described in detail by us. 25 Study participation duration was calculated as the continuous period between the first and last antidepressant prescriptions. Adherence was defined as the period during which antidepressants were purchased (months) during follow-up, divided by study participation duration (months), expressed as a percentage. Thus it reflects adherence over the period for which antidepressants were known to be prescribed. Adherence (medication possession ratio) was calculated across all antidepressants used; switching between different antidepressant compounds was not taken into account. Patients with adherence below 20% were considered non-adherent, those with 20-50% adherence were considered poorly adherent, those with 50-80% were considered to have a moderate adherence and patients with adherence above 80% were considered to have good adherence.
Covariates. We collected the following sociodemographic and clinical variables at study entry: age (categorised into 0-18, 19-24, 25-40, 41-64, 65-74, 75-84 and 85+ years), gender, socioeconomic status and self-reported smoking status (categorised as those who never smoked and those who smoked in the past or present). We extracted all available data on physical comorbidities (ICD-10 diagnoses). Based on these data, we calculated the Charlson Comorbidity Index (CCI), the most widely used clinical index for the evaluation of comorbidities. 26 The CCI weighs 20 chronic conditions as predictors of 1-year relative risk of death, and is scored between 1 and 20.
Statistical analysis
Statistical analysis was conducted using SPSS version 20 for Windows. We recorded descriptive statistics of sociodemographic factors, comorbidities and adherence levels across the total study population as well as across the four adherence level groups. Univariate analyses (logistic regression and Kaplan-Meier log rank) were used to assess the association between sociodemographic and clinical covariates and those who died or survived during the study period. The multivariable Cox proportional hazard regression model was used to assess the adjusted association between risk of death and adherence level of antidepressant medication, controlling for the confounders found to be significant in the univariate analysis (age, gender, physical comorbidities modelled as CCI, smoking status and socioeconomic status). We tested the assumptions of the proportional hazard model using log(-log) plots. Hazard ratios (HR) and their 95% confidence intervals are reported, with a significance level of P<0.05. All analyses were two-tailed.
Results
Population characteristics and mortality rates are shown in Table  1 . Almost three-quarters of the study population were over 65 years old; none was below 18 years old. The most prevalent comorbidities among the study population were hypertension (84.8%), diabetes mellitus (45.8%), chronic heart failure (22.2%) and past stroke (23.3%). The most frequent concomitantly used drugs were statins (86.2%), acetylsalicylic acid (79.9%) and anxiolytics (50.1%). Men and women had similar unadjusted mortality rates (19.5% and 18.7% respectively) and those with higher CCI scores were more likely to die (41.7% for CCI 45 v. 11.9% for CCI 0-2, P50.0001). The mean followup study period was 26.8 months (s.d. = 16, range 1-47, median 30); the mean follow-up time of survivors was 27.9 months (s.d. = 15.6) and mean time to death among those who died was 21.6 months (s.d. = 12).
Adherence
Thirty-six per cent of the study sample discontinued antidepressants within a month after prescription (i.e. they had only a single purchase) and 30.3% of the sample discontinued the drug after less than 6 months. Adherence distribution and variables across adherence levels are shown in Table 2 . The adherence distribution indicated that 28.7% of those using antidepressants were non-adherent (n = 18 212), 15.9% had poor adherence (n = 10 094), 17.4% had moderate adherence (n = 11 041) and 37.9% had good adherence (n = 24 090).
Univariate analysis
Unadjusted analyses (Table 2) show that those with non-adherence had the lowest mortality rate (13.8%) compared with the mortality 298 Krivoy et al Table 1 All patients with ischaemic heart disease (n = 63 437): characteristics and mortality rates Population Mortality Table 2 ). Furthermore, there were more severely physically ill patients (CCI 45) in the good adherence group compared with the non-adherence group (41% v. 26%; P50.001).
Multivariable analysis
The Cox proportional hazards model included mortality as the main outcome and variables significantly associated with mortality in the univariate analyses as covariates. Adjusted associations between adherence to antidepressant therapy and mortality rate appear in Fig. 1 . The hazard ratios of mortality among the poor, moderate and good adherence groups were 0.97 (95% CI 0. 
Discussion
The main novel finding of our large population-based cohort study of patients with IHD is that moderate and good adherence to antidepressant therapy is associated with a substantially decreased risk of death (17% and 14% respectively) compared with the non-adherence group. The results of the multivariate model analysis suggest that mortality is lower among patients with IHD with better adherence to antidepressants after adjusting for other confounding risk factors for mortality such as age, gender, socioeconomic status, smoking status and physical comorbidities. (24) 2047 (14) 2554 (18) 6227 (44) Smoking Never 11 811 (28) 6742 (16) 7441 (18) 16 234 (38) Ever 6218 (31) 3258 (16) 3450 (17) 7459 (37) CCI score 0-2 9092 (30) 4786 (16) 5161 (17) 10 807 (36) 3-4 4952 (28) 2794 (16) 3131 (18) 6856 (39) 45 4150 (26) 2504 (16) 2744 (17) Interestingly, crude, unadjusted mortality rates increase with adherence levels (13.8%, 18.1%, 19.4% and 22.1% at non-adherent, poor, moderate and good adherence levels respectively). The disparity between the unadjusted univariate results and the multivariable Cox analysis results may be explained by the strong confounding effects of gender, age, smoking, socioeconomic status and physical comorbidity ( Table 2) . Our crude data show that those with good adherence have more risk factors for mortality such as older age and more comorbid physical diseases, compared with those with lower adherence. Only by controlling for these substantially confounding risk factors, using the multivariate model analysis, could the specific unbiased contribution of adherence to mortality be revealed.
Our findings are consistent with the only report to date on the detrimental effect of suboptimal longitudinal treatment with antidepressants. It was found that less than 12 weeks of continuous antidepressant treatment, a crude proxy variable for adherence, was associated with a three-fold mortality risk. 14 Two other, related studies examined the association between the use of antidepressants as a dichotomous variable (i.e. use or non-use rather than measuring adherence over time) and all-cause mortality among patients with IHD. The studies yielded inconsistent results: a prospective US study of 361 patients with acute coronary syndrome and depression showed a reduced mortality risk of 0.42 in those using antidepressants v. non-users, 5 but the Enhancing Recovery in Coronary Heart Disease Patients (ENRICHD) randomised trial of 2481 post-infarction patients reported no significant difference between those who used antidepressants and those who did not. 11 Our study broadened this initial observation to the population of patients with all types of IHD in a much larger cohort of 63 437 patients using antidepressants (regardless of depression status) of all ages.
These conflicting results regarding the association of antidepressants with survival reflect the same debate regarding the effect of these medications in the general population and other clinical subpopulations. Whereas some reports indicated that antidepressant usage may decrease all-cause mortality risk, 21, 27, 28 several other studies demonstrated increased mortality among patients taking antidepressants. [29] [30] [31] [32] [33] These limited and contradictory findings, reported in relatively small samples adjusted for diverse covariates, further stress the importance of the findings from our study, which add in the parameter of antidepressant adherence in this high-risk IHD patient population. Our findings may also shed light on the clinically important question of whether even poor (20-50%) adherence to antidepressant therapy has any benefit over non-adherence (520%) in terms of survival. This issue has not been addressed previously, although clinicians often encounter patients who are poorly adherent to treatment (16% of this cohort). The results of our analysis (Fig. 1) indicate that this low level of adherence (20-50%) is not effective in decreasing mortality compared with the reference non-adherent group.
Several mechanisms may underlie the association between adherence to antidepressant drug treatment and survival in patients with IHD. A number of cardiovascular medications were previously shown to reduce mortality. 34 It is therefore possible that the reduced mortality associated with adherence to antidepressants could be operating, at least to some extent, through adherence to medication with cardiovascular drugs rather than antidepressants. Moreover, good adherence to antidepressant drug therapy attenuates depression and anxiety and may thus promote adherence to cardiac medications. 5 Depressive and anxiety disorders are very prevalent among patients with cardiovascular disease, which in turn lead to the aggravation of IHD, 35 as well as other comorbid physical disorders. 21, 36 This finding might be the consequence of a decrease in adherence to cardiac, antihypertensive and other medications for comorbid diseases in this population compared with non-depressed patients, 35, 37 as suggested by preliminary reports of small-scale studies. 5, 33 Another suggested explanation is that depression is associated with neglectful health behaviour, which might be improved by antidepressant usage. 38 Antidepressant adherence is presumably associated with more mindful health behaviours (e.g. physical activity and healthy nutrition) which might mediate the link between antidepressant adherence and increased survival. If so, this explanation might also underlie the effect of antidepressant adherence on survival in patients with IHD demonstrated in our study. However, these hypotheses remain to be tested in future studies.
Study limitations
The findings of this pharmacoepidemiologic study should be interpreted in light of its limitations. The analyses did not include data regarding the psychiatric diagnoses associated with the need for antidepressant prescription, as mental health diagnosis data in the database were incomplete. Additionally, data on causes of death were also not available, and thus we were unable to discriminate between deaths due to IHD, suicide and other causes. It is noteworthy, however, that suicide is not the primary cause of death even among people with depression and anxiety. 39 Therefore, we considered all-cause mortality a preferable outcome measure to evaluate the long-term global impact of antidepressant medication adherence on the survival of patients with IHD. Another possible limitation could be related to our assumption that antidepressants are prescribed by the physician only during the time they are clinically justified. However, the denominator may be misleading if patients have only had discrete short episodes of depression separated by a long duration of remission, which could lead to misclassification of low adherence. Finally, unmeasured variables, such as obesity and physical inactivity, could have also confounded our findings.
Study strengths
Our study has several key strengths. Our measure of adherence was shown to be reliable. 25 The large sample size (n = 63 437) encompassed a nationwide sample of all patients with IHD who used antidepressants in the CHS database without an age limitation. Therefore, our findings are generalisable to the general population. Moreover, the Israeli healthcare delivery system is similar to those in other Western countries and thus our findings are also generalisable to these settings. The 4-year follow-up period was long enough to evaluate mortality as an outcome measure, while permitting a large person-time denominator and establishment of causal pathways.
Implications
Our 4-year follow-up study is the first to demonstrate the inverse association between adherence to antidepressants and all-cause mortality in a general-population-based, large cohort of patients with IHD. Even though the standardised effect size of antidepressants may be lower than previously thought, 40 the beneficial effect of adherence to antidepressants may be particularly important in the high-risk population of patients with IHD. We suggest that cardiologists, psychiatrists and primary care physicians should step up their efforts to sustain and enhance their patients' adherence to antidepressant drug treatment, as it may be associated with increased life expectancy. Suboptimal duration and inadequate dosing of antidepressant treatment increase the risk of relapse, chronicity and -as shown here -mortality. The low adherent behaviour of patients with IHD, as found in the current study, is of considerable clinical and public health concern. This study contributes new data for health policy decision-makers to increase their awareness concerning the association between adherence to antidepressants and survival in patients with cardiac disease.
